A bacterial strain, Mycobacterium sp. strain HL 4-NT-1, enriched with 4-nitrotoluene as its sole source of nitrogen, was able to metabolize 2,4,6-trinitrotoluene under aerobic conditions. The dark red-brown metabolite, which accumulated in the culture fluid, was identified as a hydride-Meisenheimer complex by comparison with an authentic synthetic sample.
In the course of large-scale manufacturing and handling of explosives, both soil and groundwater were contaminated extensively with polynitroaromatic compounds such as 2,4,6-trinitrotoluene (TNT) (5) . Large amounts of TNT were synthesized during World War II. The high concentrations still found in the environment indicate the resistance of TNT to microbial degradation. Nitro groups, just like chloro substituents, reduce the electron density of the aromatic IT system, and thus hamper electrophilic attack by oxygenases. Initial reactions in the course of a degradative process of polynitroarenes thus must be reductive rather than oxidative. Several reports in the literature (1, 4, 15) deal with the reductive metabolism of TNT under anaerobic conditions. Little is known, however, about aerobic catabolism of TNT; most reports deal with cometabolic reactions by bacterial species leading to aminodinitrotoluenes (2, 6, 12, 14, 16) . The hydroxylamino-or nitrosodinitrotoluenes, intermediates of such coreductions, usually couple with each other, generating biologically inert azoxy compounds (2, 6, 12, 14, 16) .
Recently, a novel reductive degradation mechanism by an aerobic organism has been described for the utilization of picric acid by Rhodococcus erythropolis HL PM-1 (9) . An orange-red metabolite, accumulating transiently in the culture fluid, was characterized as the hydride-Meisenheimer complex formed by the nucleophilic addition of a hydride ion at C-3 of picric acid. Subsequently, this Meisenheimer complex was converted to 2,4-dinitrophenol and nitrite. From these data, though without any direct evidence, Duque et al. (3) proposed a corresponding mechanism for the metabolism of TNT yielding nitrite, dinitrotoluenes, nitrotoluenes, toluene, and major amounts of dead-end metabolites.
We now present unequivocal evidence that the hydrideMeisenheimer complex of TNT (H --TNT complex) is the product of TNT bioconversion by Mycobacterium sp. strain HL 4-NT-1. 4-Nitrotoluene (4-NT)-grown cells of this organism produced sufficient amounts of the H --TNT complex to allow a spectroscopic characterization, in contrast to another newly isolated strain, CV TNT-8, which utilized TNT as a nitrogen source but accumulated only minor amounts of this rather unstable metabolite (iSa). 
Synthesis and identification of the H --TNT complex.
The H --TNT complex was prepared from TNT, with tetramethylammonium octahydrotriborate (Alfa; Johnson Matthey, Karlsruhe, Germany) as the hydride donor, at -10°C as described by Kaplan and Siedle (7) . In contrast to the results described by Kaplan and Siedle, the product precipitated as dark lustrous needles only after 6 to 8 h. After 24 h, the needles were filtered off, washed with cold acetonitrile, and dried in vacuo. The isolated compound displayed more or less the absorption maxima (in acetonitrile) described by Kaplan 4 -NT-grown cells of Mycobacterium sp. strain HL 4-NT-1 were cultivated in mineral medium with 4-NT (0.5 mM) as the sole nitrogen source and succinate (10 mM) as the carbon source. The cells were harvested by centrifugation during exponential growth, washed with phosphate buffer (50 mM) (pH 7.4), suspended in phosphate buffer (optical density of 10 at 546 nm), and incubated with TNT (0.5 mM) and NH4SO4 (1 mM) at 30°C on a water bath shaker. Concentrations of TNT and metabolites were monitored by ion-pair chromatography as described above. Nitrite formation was determined simultaneously by reversed-phase HPLC with a Lichrocart column (length, 125 mm; diameter, 4.6 mm) filled with 5-,um particles of Lichrospher 100 RP8 (Merck). Photometric detection was at 210 nm, and the mobile phase was acetonitrile-water-H3PO4 (400:600:2.6, vol/vol/vol).
In the course of TNT metabolism four metabolites were released into the culture fluid. One of these metabolites was identified as 4-amino-2,6-dinitrotoluene by comparing the (11, 13) . During turnover of TNT, a dark red-brown metabolite transiently accumulated. HPLC analysis and UV-visible-light absorption spectra, recorded under stop flow conditions, proved the identity of this metabolite (RT, 15.72 min; Xmax, 255, 477, and 578 nm) (Fig. 3) with the authentic synthetic H --TNT complex (RT, 15 .97 min; absorption maxima, 255, 477, and 578 nm) (Fig. 3) .
Remarkably, the metabolism of TNT by Mycobacterium sp. strain HL 4-NT-1 involves two different initial reductive enzyme systems: one enzyme system is responsible for the reduction of one nitro group to an amino group, and the other one is responsible for the nucleophilic attack of a hydride ion, leading to a Meisenheimer complex, which was first demonstrated for picric acid (9) . With TNT as the substrate (Fig. 4) only 5% of the compound was reduced to 4-amino-2,6-dinitrotoluene, whereas 40% were accumulated transiently as the H --TNT complex. This clearly indicates the importance of the hydride addition mechanism for the metabolism of TNT.
Reversed-phase HPLC analysis demonstrated that nitrite was released into the culture fluid. After 75 min of the resting-cell experiment (Fig. 4) 0.15 mM nitrite was liberated per 0.48 mM TNT. TNT was not utilized, however, as the sole nitrogen source by this organism. Besides the H -TNT complex and 4-amino-2,6-dinitrotoluene, two additional metabolites with respective RTs of 3.3 and 6.7 min transiently accumulated in the culture fluid (Fig. 4) . They were not identified, although it was shown that they were neither 2,4-nor 2,6-dinitrotoluene. On the other hand, these two dinitrotoluenes were reported but not quantified in concentrated culture supernatants during growth of Pseudomonas sp. strain ClSl (3 (9) . Formation of hydride-Meisenheimer complexes may be a general reaction which makes highly electron-60 deficient polynitroarenes acceptable for aerobic catabolism.
